In 1986, Ken Cheng claimed to demonstrate the existence of a geometric module capable of encoding the geometric properties of an organism's environment. In a working memory task, rats were placed in a rectangular box and allowed to find some partially buried food and eat part of it. The feeding bout was then interrupted, and the rat was removed from the apparatus for a brief delay period. Following the delay, the rats were placed in an identical rectangular box, which had been rotated and relocated relative to the first box within the experimental chamber, thereby invalidating any extra-apparatus cues that the rat could be using for orientation. Upon being placed in the rectangular testing box, the rats searched for food either in the location where it had been before the interrupted feeding bout or in the diagonally opposite, geometrically equivalent, location 78% of the time. There was no significant difference between the number of correct choices and choices of the geometrically equivalent corner, or rotational errors. Cheng (1986) conducted several follow-up experiments, which included additions of blatant visual, tactile, and olfactory information, and found that the rats failed to use the additional featural cues to discriminate the correct corner from the geometrically equivalent location in the working memory task just described. These results led him to suggest that information about the shape of the local environment is processed in a dedicated, encapsulated, geometric module, impenetrable to information about local features. Evidence for encoding of the geometry of enclosures has also been found in young chickens (Vallortigara, Zanforlin, & Pasti, 1990) , rhesus monkeys (Gouteux, Thinus-Blanc, & Vauclair, 2001 ), a species of fish (Sovrano, Bisazza, & Vallortigara, 2003) , pigeons (Kelly & Spetch, 2001) , and human infants (e.g., Hermer & Spelke, 1994 ; for a review, see Cheng & Newcombe, in press ). Such findings depend on the subjects being disoriented with respect to the larger environment by relocating the enclosure relative to the room or rotating the subject between exposure and test (cf. Margules & Gallistel, 1988) . For that reason, the encoding of geometry has been referred to as a mechanism for reorientation (e.g., Wang & Spelke, 2003) .
An unanswered question is whether animals encode the overall shape of arrays of objects in the same way as they encode the shapes of enclosures or whether they encode only local relationships among objects, such as the distances and directions between specific objects. Because natural environments are more likely to provide arrays of objects than are the enclosing surfaces typical of built environments and animal cages, one might not expect a specific mechanism for encoding geometry to be limited to enclosures (Cheng & Newcombe, in press ). So far, however, research addressing this issue has been inconclusive.
Studies of spatial encoding during exploration suggest that animals encode the shape of arrays of objects (review in ThinusBlanc, Save, & Poucet, 1998) . For example, Poucet, Chapuis, Durup, and Thinus-Blanc (1986) exposed hamsters to a square array of four different objects within a 105-cm circular arena. There was an orienting stripe on the wall of the arena, the hamsters were placed into the arena at the same location in each session, and they were not disoriented prior to being placed into the arena. Exploration of the objects, measured by the amount of time spent in contact with them, decreased over sessions. When one object was moved outward, away from the square, the hamsters spent a significantly increased amount of time in contact with the object in the novel position; that is, they exhibited dishabituation. Poucet et al. (1986) concluded from this finding that the hamsters were responding to changes in the shape of the array. However, the animals could also have been responding to the change in position of the single relocated object relative to the walls of the arena and/or to the stripe on the wall or to a change in the distance or angle between specific pairs or triads of objects.
Experiments similar to that of Poucet et al. (1986) have been conducted with hamsters (Thinus-Blanc et al., 1987; Thinus-Blanc, Durup, & Poucet, 1992) , rats (Poucet, 1989; Save, Poucet, Foreman, & Buhot, 1992) , and baboons (Gouteux, Vauclair, & ThinusBlanc, 1999) . None of these experiments has been conducted under conditions entirely comparable to those used to demonstrate encoding of the shape of enclosures because, in all of them, animals have been provided with alternative means of encoding the locations of objects. Thus, whereas it is clear that animals spontaneously learn the locations of objects through exploration, it is not clear whether they encode the geometry of arrays of objects in the same manner as they encode the shape of enclosures.
In the vast majority of such research, the animals have not been disoriented. Disorienting an animal by giving misleading vestibular cues leaves spatial abilities intact while removing orientation cues and ensures that only the relationships among objects themselves can be used to encode their location. In most cases (but see Thinus-Blanc et al., 1992) , the animals have been placed within the apparatus in a manner that does not vary the point of entry or does not remove the animal's extramaze orientation. This practice allows the subject to maintain an extramaze reference point that can be used to encode the positions of individual objects. In addition, the use of unique objects with identifying features allows for intra-arena cues consisting of object-to-object relationships. For example, Object A may be close to Object B in one arrangement, but when the arrangement is changed, Object A may be close to Object C. A difference in position may be detected simply by knowing that Object A is now closer to Object C than it is to Object B. To remove such intra-arena cues, objects that are symmetrical and identical in shape and color can be used. ThinusBlanc et al. (1987) found that hamsters selectively reexplored a mug that was displaced following habituation to a square array of identical mugs, but this dishabituation was less than when the same manipulation was conducted with four unique objects. This finding suggests that the identity of objects may contribute to the behavioral responses to spatial changes.
Some research suggests that rats encode the locations of objects within an enclosure differently from the location of objects on the walls of enclosures. Cressant, Muller, and Poucet (1997) found differential hippocampal place cell responding in rats based on whether the objects were located near the center of a cylindrical arena or near the perimeter. Place cells from rats were recorded in an environment in which objects were placed near the center of the arena to form a triangle. When the objects were rotated, the place cells did not rotate with the object rotation. However, when the same objects were placed along the perimeter of the arena, and then rotated, place fields also rotated accordingly. Rats also encoded the shape of an array of objects in the shape of an isosceles triangle when they served as landmarks in a water-escape task (Benhamou & Poucet, 1998) . When the positions of individual landmarks within that array were exchanged, the rats behaved as if they were primarily using the shape of the array. Consistent with this observation, when the landmarks formed an equilateral triangle, the rats did not learn to find the platform (for further discussion, see Poucet, Lenck-Santini, & Save, 2003) .
Data from birds also indicate that arrays of landmarks are treated differently from walls of enclosures. Chicks (Tommasi & Vallortigara, 2000) and pigeons (Gray, Spetch, Kelly, & Nguyen, 2004) trained to search for buried food in the center of a square enclosure transfer accurate searching to the center of a larger square enclosure (see also Kelly & Spetch, 2001) . In contrast, if pigeons are trained to search in the center of a square array of landmarks, and all the landmarks are moved outward from the center to form a larger square, the birds search at the old distance from one of the landmarks (Spetch et al., 1997) . This shows they had not encoded the goal as the center of the array, although it does imply that they encoded some aspect of the spatial relationships among the landmarks.
Studies of human subjects also suggest that the shapes of arrays of objects may not be encoded at all, or if shape is encoded, it does not prevent the use of available featural cues in working memory tasks. For example, Garrad-Cole, Lew, Bremner, and Whittaker (2001) found that 18 -24-month-old infants used geometry to locate a toy hidden in a rectangular array of identical boxes in a circular enclosure, but when the boxes differed from one another, they used the featural information and ignored geometry. In contrast to Garrad-Cole et al. (2001) , Gouteux and Spelke (2000) found that 3-4-year-old children did not use the geometry of rectangular or triangular arrays of boxes within a large arena to find a hidden toy. However, like Garrad-Cole et al.'s toddlers, the children succeeded when the boxes had distinguishing features. Wang and Spelke (2000) used a pointing task to examine adults' egocentric encoding of the locations of objects and corners of rooms. Errors in pointing to the unseen locations of corners of the room indicated that participants remembered the room as a unified shape, but errors in pointing to remembered locations of objects within the room were unrelated to one another, as if the objects were encoded as individuals and not as parts of an arrangement with a unified shape.
The experiments in this article were conducted to test whether rats respond to changes in the shapes of arrays of objects under conditions similar to those in which they encode the shapes of enclosures and whether object identity contributes to the response to spatial changes. Disoriented male rats searched for food pellets in a large arena devoid of orienting cues and carried it back to a home base to eat. They were exposed to an arrangement of one or more objects in the arena for several sessions, after which the position or identity of one or more of the objects was changed. Time spent near the objects was measured as an index of exploration. Unlike the case in which animals are placed in an arena for a fixed amount of time per session, in our paradigm, the animals determined the time they spent in the arena. Time near the objects was therefore analyzed as a proportion of total time in the arena. Notice that this relative time measure can be compared to absolute times in studies that used a constant session time. In addition, because the rats responded to some spatial changes by hesitating to move into the arena the first time a new arrangement was presented, we measured the duration of the first trial of each session. Our two measures clearly are not independent. However, as will be seen, it is possible for both of them to increase and then decrease or for one to change while the other remains constant in response to a spatial change.
Experiment 1
Rats respond to changes in position of a single object, at least if the rats are well oriented and in an experimental space provided with landmarks (e.g., Harley, Martin, Skinner, & Squires, 2001; Xavier, Saito, & Stein, 1991) . However, most tests of how rats and other rodents respond to an object relocated relative to an array of other objects have provided no indication of how the animals would respond to relocations of an isolated object in the same environment. The purpose of Experiment 1 was to determine how rats respond to changes in the position of a single object in our testing paradigm and whether rats encode the position of an object within an arena relative to the point of entry or relative to the boundaries of the arena. Two groups of rats were exposed to a single black cylinder in an all-white arena. Each rat made five daily trips into the arena, during which it searched for large pellets of food and carried them back to the home box to eat (as in Whishaw & Tomie, 1989 ; see further details in Shettleworth & Sutton, 2005) . Rats were always disoriented in a dark "home box" before being introduced to the arena, which they entered from a different one of four entry points for each session. This procedure was designed to encourage the rats to treat the arena as a selfcontained world polarized only by their sense of the homeward direction and to return home to the entry location by dead reckoning (path integration). The fact that the rats were engaged in foraging behavior when they encountered objects in the arena should not prevent them from encoding features of those objects and reexploring them when these features change (see Xavier et al., 1991) .
Animals may encode spatial information in a view-dependent manner (e.g., Collett, Cartwright, & Smith, 1986) , and the studies of Thinus-Blanc et al. (1992) suggest that, under some conditions, hamsters encode locations of objects learned through exploration in terms of the view from the starting point. Therefore, in Experiment 1, we tested two groups. Group ABS was habituated to the black cylinder in the same absolute place each day, whereas Group REL experienced the cylinder in the same place relative to their point of entry (see Figure 1) . If a sense of the homeward direction is the sole orienting cue in the arena, rats in Group ABS should perceive the off-center cylinder in a different place each day and should not reexplore it when it is moved relative to absolute space. In contrast, rats in Group REL might be expected to increase exploration when the cylinder is in a new position relative to the door to the home box. In the present study, the cylinder was first in a position displaced from the center of the arena and then in a second such position. To test whether rats in either group encoded the position of the cylinder relative to the walls of the arena, it was then moved to the center of the arena. Because rats in both groups reacted minimally to changes in position of the black cylinder, in the final phase of the experiment, it was exchanged for a white one to test whether they would react to a change in any of its features.
Method
Subjects. The subjects were 14 male Long Evans rats (Rattus norvegicus) obtained from Charles River, Canada, and were aged 19 -27 weeks at the beginning of the experiment. They were run as one squad of 4 rats and another of 10. The first squad completed all sessions of the experiment before the second squad was run. Subjects were housed in Allentown Caging (Allentown, NJ), clear polycarbonate rectangular open-top boxes covered with a stainless steel grill that held both food and water. The vivarium was maintained at 22°C with a 12:12 reversed light-dark cycle. Rats were tested during the dark phase. All subjects had experience collecting food in the arena without any objects in it (Shettleworth & Sutton, 2005) ; however, previous experience had included a black marker on the arena wall that provided information regarding the entry point. Rats were maintained at their normal weights, determined from growth curves obtained from Charles River, Canada, by feeding of 20 -30 g/day of Purina Laboratory Chow after experimental sessions.
Apparatus. The arena was a 16-sided polygon, 2.3 m in diameter, consisting of 60 cm high white Melamine walls. The floor of the arena was covered with 10 cm of Bed O'Cob (The Andersons, Maumee, OH) granular cellulose bedding. Each of the sixteen 46-cm wide sides contained a 12.8-cm square swinging door, with its bottom approximately 2 cm above the surface of the bedding. Six round 20-W halogen lights, arranged in a hexagon around a video camera lens centered in the ceiling, provided lighting in the arena. The camera lens was 1.8 m above the surface of the bedding. The entire arena was enclosed by a heavy white cloth curtain; white noise was played from four speakers equally spaced above the ceiling of the arena. Transportation from the home area to arena and disorientation occurred in a black plastic box (25 cm ϫ 22 cm ϫ 20 cm) with a hinged lid. The box was attached to the outside of the arena by a tongue-in-groove connection behind a swinging door. A guillotine door that doubled as the wall of the black box could be raised from outside the room to allow entry to the arena through one of the swinging doors.
A white (10.7 cm) or black (8.9-cm diameter) PVC cylinder was placed within the arena. Cylinders were 30.5 cm tall and projected approximately 20 cm above the bedding. Five 1-g sweetened Noyes pellets (AIN-76A Formula P, Research Diets, New Brunswick, NJ) were pseudorandomly Figure 1 . Schematic overhead view of the arena, the home box, and the cylinder (black dot) for a sample rat from each group in the first 2 days of Experiment 1. On each day, the home box could be in any of four equally spaced positions around the arena; its position changed from day to day differently for different rats. Regardless of the position of the home box, on Day 1, all rats had the cylinder positioned relative to the home box as shown. For Group REL, the cylinder was always in the same position relative to point of entry to the arena; for Group ABS, the cylinder was always in the same absolute position in space although the point of entry changed each day as it did for Group REL. distributed throughout the arena, at least 20 cm away from a cylinder or the arena wall. Rats were tracked using Ethovision (Noldus, Leesburg, VA), which recorded the location of the center of the black area of the rat 6 times per second.
Procedure. A session began with a rat being placed in a black plastic box and taken to the darkened room that contained the arena. The box containing the rat was placed on a lazy Susan and rotated eight times within 1 min. The black box was then attached to the arena at one of four entry points (N, S, E, W). The researcher then left the room, closed the door as quietly as possible, and did not enter the room again until the rat had completed its five trials, that is, food collecting trips into the arena, the timing of which were controlled as described below. Both the place of rotation and point of entry to the arena were systematically changed from day to day. Each of the four entries was used on any given day by as nearly equal a number of rats as possible given the size of the squad. Between sessions, the arena and cylinders were wiped clean with a cloth and cleaning solution to remove any possible odor cues, the cylinder was then positioned for the next rat, and the bedding was smoothed. The surface of the bedding was displaced and smoothed before each session to eliminate any possible foot tracks or odors. Because the base of the cylinder was 10 cm below the surface of the bedding, the bedding was also being overturned whenever a cylinder was moved.
The experimenter began a trial by raising the guillotine door to permit entry to the arena. Following the acquisition of a 1-g food pellet, the rat returned to the black home box to consume the food reward. Data from a trial were collected from the initial moment when the black head of the rat entered the recording area until the rat had returned to the home box and the guillotine door was closed to prevent reentry to the arena during the 30-s intertrial interval. Each rat had five trials per daily session.
Following three sessions of pretraining with no cylinder in the arena, during which they demonstrated an ability to use the swinging doors, locate food, and return to the home box, rats were randomly assigned to one of two groups. Group ABS experienced the black cylinder in the same absolute location, and Group REL experienced the black cylinder in the same location relative to the entry point each day (see Figure 1 ). The first habituation phase consisted of six sessions with the cylinder 40 cm from the center of the arena. For Group REL, the cylinder was 133 cm away from the center of the entry door at an angle of 15°right of center, as viewed from the home door. In Group ABS, the position was the same for the first day, but thereafter, both distance and angle from the entry point changed from session to session as the rat's entry point varied and while the placement of the cylinder in absolute space remained unchanged (see Figure 1 ). Following habituation at the off-center location, the cylinder was moved to a second 40-cm off-center position, counterclockwise, approximately one fourth of the distance around the circumference (approximately 94 cm), for six sessions. At this location, for the REL group, the cylinder was 146 cm from the entry and at an angle of 25°to the left of center. The cylinder was then moved to the center of the arena for four sessions and finally returned to the original off-center position for two sessions; in the second of these sessions, the black cylinder was replaced with a white cylinder.
Data. Two types of data were collected: time within 20 cm of a cylinder and total time in the arena. Trial lengths could be highly variable, depending on the location and distance of the food pellet from the home box. Therefore, the total time across all five trials spent within 20 cm of a cylinder was divided by the total time spent within the arena to calculate the percent of the session spent within 20 cm of the cylinder (relative time in proximity; RTP). A decrease over sessions in RTP or first-trial length was considered to be evidence of habituation to the cylinder's identity and position. Dishabituation was considered to have occurred when there was an increase in either of these measures in response to a change in identity or position. This was assessed by comparing behavior in the session immediately after the change to that in the session immediately before the change. An alpha level of .05 was used to determine significance.
Results and Discussion
Rats spent between 51 s and 349 s (M ϭ 210 s) in the arena during the first session, a time which decreased to 71-220 s (M ϭ 148 s) by Day 16. The first time they encountered the black cylinder, the rats tended to hesitate near, or partway out of, the home door before venturing into the arena. Because the tracking system recorded the duration of a trial from the first moment the rat's head and shoulders appeared in the arena (see the Method section), this behavior was reflected in the length of the first trial. The rats spent about 20% of the session near the cylinder on the first day, sniffing it and rearing up on it. Over sessions, less time was spent near the cylinder, and first trial lengths became shorter regardless of the changing positions of the cylinder. Only when the black cylinder was replaced with a white one did both groups increase the proportion of the session they spent near the object. Figure 2 shows the arena set up in each phase, the relative time in proximity to a cylinder (RTP), and the length of first trial by day. Repeated measures analyses of variance (ANOVAs) revealed significant declines in the average amount of exploration of objects by both Group REL, F(5, 30) ϭ 18.10, and Group ABS, F(5, 30) ϭ 9.98, during the initial habituation phase. A t test comparing the amount of exploration on Day 6 to the amount of exploration Figure 2 . Mean proportion of total time in the arena spent within 20 cm of the cylinder (RTP) and mean duration of the first trial in a session for the two groups in Experiment 1. Error bars indicate standard error of the mean. Diagrams at the top (not to scale) indicate position of the cylinder in absolute space and its color for each series of sessions (connected data points). The arrow represents the direction and point of entry for Group REL. For Group REL, the cylinder was always in the same position relative to point of entry to the arena; for Group ABS, the cylinder was always in the same absolute position in space although the point of entry changed each day as it did for Group REL.
on Day 7, when the object was moved to a geometrically identical position, indicated no significant change in levels of exploration for Group REL, t(6) ϭ 1.07; however, Group ABS continued to decrease significantly, t(6) ϭ 3.09. After the object was moved on Day 7, there was no significant change in exploration during the second habituation phase for either Group REL or Group ABS (Fs Ͻ 1). When the object was moved to the center of the arena on Day 13, neither Group REL, t(5) ϭ 1.12, nor Group ABS, t(6) ϭ 1.14, demonstrated changes in levels of exploration relative to Day 12. (The data from 1 rat were not used in Group REL due to an apparatus malfunction.) During the third habituation phase, when the object was at center, RTP remained unchanged for Group REL, F(4, 20) ϭ 2.06 (the data from 2 rats had to be discarded due to apparatus malfunctioning), although Group ABS did demonstrate further habituation with a significant decrease in RTP, F(5, 30) ϭ 5.42. When the object was returned to the first position that the rat had experienced, on Day 17, neither Group ABS, t(6) ϭ 0.52, nor Group REL, t(6) ϭ 0.29, demonstrated a change in exploratory behavior. However, when the black cylinder was replaced with a white cylinder, there was a significant increase in exploration by both Group REL, t(6) ϭ 13.75, and Group ABS, t(6) ϭ 2.74.
Although there was an overall decrease in length of the first trial, Group REL failed to demonstrate a significant change in first trial length during the first, second, or third habituation phase or when the cylinder changed position or color (see Figure 2) . During the first habituation phase, Group ABS took significantly less time to complete the first trial over sessions, F(5, 30) ϭ 2.97. Following this initial decrease in time spent on the first trial, there was no significant change during the second or third habituation phases or when the object changed positions or color.
Measurements of the first trial length and RTP indicate that, over time, the rats become habituated to the object and do not reexplore the object regardless of whether it has changed position relative to the entry point or relative to the arena boundaries. The increase of RTP on the final day, when the black cylinder was replaced with a white cylinder, demonstrates that the identity of the object was being monitored and recognized as different from the previous session. The response to a color change also indicates that the rats were not so preoccupied with food gathering that they failed to attend to the cylinder. Therefore, if rats respond to a change in position of one object among multiple objects in this experimental setting, they must be responding to changes in some property of its relationship to the other objects.
The rats' lack of response to changes in the location of a single object in the arena relative to the shape of the environment or to their point of entry is unlikely to be due to the fact that they were disoriented before each session. Disorientation can impair spatial learning in some conditions (e.g., Gibson, Shettleworth, & McDonald, 2001 ). However, in the same procedure described here, rats respond strongly to changes in position of a black panel on the wall when it has been seen for several sessions either around the home door or consistently displaced by 90°from the home door. When the panel is displaced by 45°from its usual location, the rats head about 45°away from the home door after collecting food rather than heading directly home (Shettleworth & Sutton, 2005) . Taken together, the rats' responses to the black cylinder in this experiment and to the black panel in the other studies in our laboratory are consistent with findings that place cells in rat hippocampus respond less to changes in positions of objects if the objects are within an arena than if they are along the walls (Cressant, Muller, & Poucet, 1999) . These findings suggest that, more than just not responding to changes in position of the single cylinder in the present experiment, the rats either did not encode this information or did not encode it very accurately.
Experiment 2
Hamsters (Poucet et al., 1986; Thinus-Blanc et al., 1987; Thinus-Blanc, Save, Poucet, & Buhot, 1991) and rats (Poucet, 1989; Poucet, Durup, & Thinus-Blanc, 1988 ) selectively reexplore one object when it is moved outward from a square array of objects. This is true regardless of whether the objects differ from each other (e.g., Thinus-Blanc et al., 1987, Experiment B) or are identical (Thinus-Blanc et al., 1987, Experiment G) . Such findings are consistent with the idea that animals encode the overall shape of an array of objects (Thinus-Blanc et al., 1998) . However, as outlined previously, confounds such as a static entry point, asymmetric objects, and an orienting cue within the arena also provided a means for encoding the objects' locations in these studies.
Experiment 2 was conducted to test whether rats respond to a change in position of one object in an array when these confounds are absent. Rats were exposed to an array of four cylinders placed in the shape of a square, centered in the arena, and after habituation one cylinder was moved outward toward the edge of the arena. In Experiment 1, we found that rats were equally unresponsive when the single cylinder was moved relative to the entry point (Group REL) or relative to absolute space (Group ABS). To reduce potential variability caused by a relocated cylinder being closer to or farther from the entry point for different rats, and to ensure that all rats encountered relocated objects in the same way, in Experiment 2 and all subsequent experiments, all manipulations of the cylinder positions were done relative to the entry point into the arena.
Method
Subjects. The subjects were 8 of the rats that served in Experiment 1, 4 from each group. Subjects were housed and maintained as described in Experiment 1.
Apparatus. The apparatus described in Experiment 1 was used. Components of the array were four black cylinders like the one described in Experiment 1.
Procedure. Four days after completing Experiment 1, rats were exposed over 6 days to four cylinders arranged in a square, centered in the arena, with 30 cm between the sides of the cylinders. The near left cylinder was 90 cm from the entry point at an angle of 85°, and the near right cylinder was 110 cm from the entry point at an angle of 75°(see Figure 3) . On Day 7, the near right cylinder was moved 30 cm diagonally away from the center of the arena to form an angle of 50°, 102 cm from the entry point. Sessions were conducted as in Experiment 1.
Data. To minimize the distance between cylinders while having nonoverlapping recording zones, the measure of proximity was reduced to 15 cm. Time spent within 15 cm of a cylinder was measured throughout the remainder of this series of experiments. Reducing the zone of proximity to 15 cm from the cylinder did not affect the pattern of results in Experiment 1. Figure 3 shows the arena setup, average RTP per cylinder, and length of first trial. Although there was an initial decline in RTP during the first days of habituation, a repeated measures ANOVA on RTP for Days 1-6 failed to reveal a significant effect of days, F(5, 35) ϭ 1.64. Since significant habituation to the same arrangement was found in Experiment 3, the lack of effect here may be due to the rats already having experienced a cylinder in the arena.
Results and Discussion
The effect of displacing the near right-hand cylinder on time near that cylinder and the other three cylinders was assessed in a Days ϫ Objects ANOVA, comparing RTP for the displaced, near right-hand cylinder on Day 6 versus Day 7 to the mean RTP for the other cylinders on those days. There was no overall effect of objects, F(1, 6) ϭ 1.72, and no overall effect of days, F(1, 6) ϭ 1.29, but there was a significant Objects ϫ Days interaction, F(1, 6) ϭ 12.25. On Day 7, RTP of the near right-hand cylinder in its novel position was significantly higher than the average RTP of the nondisplaced objects, t(7) ϭ 2.72, but RTP for the near right cylinder did not differ from the mean RTP for the other cylinders on Day 6. One rat's data had to be omitted from the analysis because it did not exit the arena at the end of the session. A Days ϫ Objects ANOVA on RTP for displaced versus nondisplaced objects in the second habituation phase revealed no effect of days, F(5, 30) ϭ 1.16, and no effect of objects (F Ͻ 1), but there was a significant interaction between objects and days, F(5, 30) ϭ 2.82. As can be seen in Figure 3 , this pattern of results reflects the fact that by the end of this phase, the rats were spending similar amounts of time near the recently displaced and nondisplaced objects.
A repeated measures ANOVA failed to reveal a significant change in the length of time taken to complete the first trial of each session during the initial habituation period, F(5, 35) ϭ 1.27. There was no significant increase in first trial length during the test day, when one cylinder was moved outward, t(7) ϭ 1.74, and no significant change during the second habituation period, F(5, 35) ϭ 1.10.
In Experiment 1, rats did not respond to changes in position of a single object in the arena, but in this experiment, under similar conditions, they did respond to a change in position of one object of an array. In previous studies, rats (Poucet, 1989) and hamsters (e.g., Thinus-Blanc et al., 1987) have also responded when one object in a square was moved outward from the square. The present results show that this response is not dependent on the availability of orienting cues such as a stripe on the wall or the subject's sense of its location relative to the environment outside the testing arena. At least in our paradigm, rats seem to encode positions of objects relative to other objects. However, this experiment does not address the issue of whether rats are responding to a change in distance between the one displaced cylinder and the cluster of three nondisplaced cylinders, a change in the angle subtended by one or more triads of cylinders, or a change in the overall shape of the array of cylinders. However, selective exploration of the one displaced cylinder is least consistent with a response to overall shape. If they detected only that a differently shaped array was now in the area, they might be expected to explore all objects equally. Experiment 3 Thinus-Blanc et al. (1987) found that hamsters failed to reexplore objects in a square array when the objects were moved to form an expanded square. Thinus-Blanc et al. (1987) suggested that the hamsters did not respond to the novel situation because they had encoded the shape of the array, which had not changed. Experiment 3 was designed to discover whether this same lack of response to an enlargement of a square array of objects would be found in our testing situation. As in Experiment 2, rats were first exposed to four cylinders arranged in a square centered in the arena. Each cylinder was then moved diagonally away from the center, thereby expanding the square. Finally one cylinder was moved inward, distorting the square. In previous related studies (see Thinus-Blanc et al., 1998) , hamsters have responded to such a change in shape with reexploration of the whole array.
Method
Subjects. The subjects were 8 male rats like those in Experiment 1, aged 22 weeks at the beginning of the experiment.
Procedure. Following 3 days of pretraining with no objects in the arena, rats were exposed over 6 days to four cylinders arranged as in the first stage of Experiment 2. On Day 7, each cylinder was moved 30 cm diagonally away from the center of the arena to form an expanded square with sides of 121 cm; this arrangement was maintained for Days 7-12. On Day 13, the near right cylinder, relative to the entry point, was moved back to its original position.
Results and Discussion
Rats initially hesitated to enter the arena, but once they did, they spent a relatively large proportion of time near the objects. Both effects decreased with increasing experience of the compact square array. When the array was expanded, on Day 7, on the first trial the rats tended to partially emerge from the entry door, retreat, emerge again, and then crawl toward a cylinder with their body stretched out and belly on the ground. They clearly noticed the change in the array despite the fact that it was the same shape as before. However, they did not spend a greater proportion of the session near the objects, replicating the observations of Thinus-Blanc et al. (1987) with hamsters. There was also a nonsignificant increase in hesitancy to enter the arena when one cylinder of the expanded square was moved inward, but the proportion of the time near the objects did not change. Figure 4 shows the arena setup, average RTP per cylinder in the arena, and length of the first trial throughout the experiment. A repeated measures ANOVA revealed a significant decline in the average time near the small square array of cylinders during the initial habituation phase, F(5, 35) ϭ 5.59. During the second habituation phase, while the square was expanded, there was no significant change in the RTP (F Ͻ 1). The effect of displacing the near right-hand cylinder toward the center of the arena was assessed in a 2 (days) ϫ 2 (objects) ANOVA, comparing RTP for the displaced cylinder on Day 12 versus Day 13 to the mean RTP for the other cylinders on those days. There was no overall effect of objects and no interaction between days and objects (Fs Ͻ 1). There was a significant decrease in RTP from Day 12 to Day 13, F(1, 6) ϭ 19.9. To investigate whether this decrease primarily reflected the nonsignificantly lengthened first trial on Day 13 reported below, we looked separately at the absolute times near the cylinders on those days; they did not differ, t(7) Ͻ 1. However, in our paradigm, data on absolute times in proximity to the cylinders can be viewed only as suggestive because they are influenced by the total times in the arena, which is why we base our main conclusions on relative times (RTP).
A repeated measures ANOVA revealed a significant decrease in the length of time taken to complete the first trial of each session during the initial habituation period, F(5, 35) ϭ 4.53. When all four cylinders were moved away from the arena center on Day 7, there was a significant increase in the length of the first trial, relative to Day 6, t(7) ϭ 3.15. During the second habituation period the length of the first trial significantly decreased, F(5, 35) ϭ 5.56. It can be seen in Figure 4 that the first trial length increased when the near right cylinder was moved inward on Day 13, but this increase was not significant, t(7) ϭ 1.95, p ϭ .09.
Contrary to what would be predicted from previous findings that hamsters do not increase the time they spend near objects in a square array when the array is enlarged (Thinus-Blanc et al., 1987) , rats responded to an increase in the size of a square array of objects. This finding emerged from the naturalistic design of our paradigm, which allows the rat to decide when the arena is entered and for how long, something that is not allowed for when animals are simply placed within an arena for a fixed time as in most studies of spatial learning through exploration. Similar behavior has sometimes been observed in such studies, however. For example, Poucet (1989, Experiment 1) noted that rats showed "avoidance reactions" when first exposed to a novel arrangement of familiar objects.
As recognized by previous researchers (Thinus-Blanc et al., 1998), the degree to which animals respond to a spatial change is probably influenced by procedural variables such as the size of the testing enclosure, the size of the change relative to the enclosure, and how much exposure the animals have had to the arrangement that existed before the change. In the comparable study of changes in array size by Thinus-Blanc et al. (1987) , the arena was 105 cm in diameter, whereas the diameter of the arena in the present studies was 280 cm. The objects in small square arrays in both sets of studies were initially 30 cm apart (see Poucet, 1989 ), but in Thinus-Blanc et al. 's (1987) study, the objects were moved by only 10 cm, whereas in the present study, the objects were moved by 30 cm. In Thinus-Blanc et al. 's (1987) experiments, hamsters were initially exposed to an empty arena for 15 min. Then they had two 15-min sessions of habituation to a particular array of objects, followed by a third 15-min session with a spatial change. In contrast, the rats in the present experiment were initially exposed to the small square array of objects for six daily sessions, in which they made five trips in and out of the arena collecting food. Time in the arena per session was approximately 2-4 min (M ϭ 167 s/day), or a total of approximately 13-23 min (M ϭ 16.75 min) exposure to the small square array before it was expanded, whereas the hamsters in Thinus-Blanc et al.'s (1987) experiment had 30 min of exposure to the array of objects prior to the objects being relocated. Thus, our rats typically had less time to learn the characteristics of the array than did the hamsters in the comparable study, but they were exposed to a spatial change that was larger in absolute terms.
Another difference between our study and that of Thinus-Blanc et al. (1987) is that we studied rats, not hamsters. Although we are aware of no published study with rats that is comparable to the present experiment, Experiment 2 does have a parallel in previously published studies with both rats and hamsters. Poucet (1989) tested rats using the same arena and object locations described above for hamsters. After four 3-min sessions, with 3-min intersession intervals, one object was moved outward 10 cm away from the array, resulting in dishabituation of exploration, as in Experiment 2. Thus, there is some limited evidence that dishabituation in response to spatial changes in these sorts of studies may be independent of the species of small mammal and the specific schedule of exposure to the objects.
Finally, the behavioral measures in the present study differed from those used by previous researchers such as Thinus-Blanc, Poucet, and colleagues. Rather than recording numbers of contacts with objects and the total time in contact with them, we recorded time in a small zone around each object and time in the arena on each trial. The rats' hesitancy to enter the arena the first time they saw objects in novel locations was reflected in the latter measure. Whereas it is true that an automated tracking system treats the casual passing by of an object as "exploration," this does not negate the fact that changes in directed exploration will be detected by this method (cf. discussion in Thinus-Blanc et al., 1998) .
In summary, the findings of Experiments 1-3 suggest that rats' response to changes in position of objects in an array is reliant on recognition of a change in distance between objects. Overall, shape does not seem to be the only or the primary feature encoded, because the rats in Experiment 3 responded strongly to a change in interobject distance when the shape of the array was unchanged. The results of Experiment 2 are also consistent with rats responding to changes in angle subtended by one object and two of its neighbors. However, Experiment 3 shows that changes in interobject distances alone, without changes in angles, elicit a strong response. Therefore the most parsimonious summary of the findings of the first three experiments is that rats respond with reexploration and/or hesitancy to enter the arena in response to changes in distance between two or more objects of an array.
Rats responded more when an object was moved out from the small square, in Experiment 2, than when it was moved in toward the center of the large square in this experiment. There are several ways in which the former manipulation might be more conspicuous than the latter. For example, the ratio of the new to the old interobject distances was greater when the object was moved out from the square. Previous researchers (e.g., Thinus-Blanc et al., 1987) have found comparable differences in hamsters' responses to these two kinds of manipulations. It is not clear why moving an object out from a square array should elicit selective exploration of that object, whereas moving an object in toward the center of the array should elicit, at most, overall exploration of the whole array, as both involve a change in shape and in interobject distances and angles. We return to this issue in the General Discussion section.
Experiment 4
In addition to distances and angles, the geometric properties of an array or enclosure include sense, that is, the left-right position of sides and angles. Responsiveness to sense is basic to demonstrations of the geometric module. In Cheng's (1986) experiments and those based on them (see the introduction), animals must rely on a sense of left or right to distinguish between geometrically correct and incorrect corners of a rectangle. For example, they would need to encode something corresponding to "the long wall on the right" to distinguish the two correct corners from the two that had "the long wall on the left." The purpose of Experiment 4 was to test whether rats would respond to changes in the left-right arrangement of objects in an array. Rats were exposed to a triangular array of black cylinders and then to its mirror image. In the mirror image, the set of angles and distances between pairs of cylinders remained the same, but the left-right arrangement of sides, that is, the sense of the shape, was changed. The color of the cylinders was changed on the final day of the experiment to determine whether object identity was also being encoded.
Method
Subjects. The subjects were 8 rats like those in Experiment 1 (i.e., they had never been exposed to objects placed within the arena). They were aged 16 -26 weeks at the beginning of the experiment.
Procedure. After 3 days of pretraining with no objects in the arena, rats were exposed over 6 days to three black cylinders arranged in the shape of a triangle, having sides of 77 cm, 42 cm, and 121 cm between cylinders, with corners 60°, 100°, and 140°from the home box entry point into the arena. The long side of the triangle formed the near side relative to the entry point (see Figure 5 ). On Day 7, the cylinder farthest from the entry point was moved 30 cm to form a mirror image of the original triangle, approximately 80°from the entry point. The mirror image arrangement was maintained for 6 days. On Day 13 of the experiment, all black cylinders were replaced with white cylinders. As in Experiments 2 and 3, the arrangement of cylinders was the same relative to each rat's entry point into the arena on a given day; that is, as the entry point was changed from rat to rat within a day and for a given rat from day to day, so was the arrangement of cylinders in absolute space change.
On Day 7, the data from 1 rat had to be excluded because it refused to leave the arena during one of the trials. The data from 2 rats had to be excluded from the analysis on the final day of the experiment due to failures to enter the arena on later trials.
Results and Discussion
Initially the rats demonstrated high levels of exploratory behavior coupled with a relatively long time to complete the first trial (see Figure 5) . Over the first few days, exploratory behavior decreased. When the rats were presented with a mirror image array on Day 7, neither the duration of the first trial nor the proportion of time in contact with the displaced object showed any change. On the final day of the experiment, when all cylinders were changed to white, exploration of the cylinders increased.
A repeated measures ANOVA revealed a significant effect of days on the average amount of exploration of objects during the initial habituation phase, F(5, 35) ϭ 5.59. The effect of moving the cylinder on Day 7 was assessed in a Days ϫ Objects ANOVA, comparing RTP for the displaced cylinder on Days 6 and 7 to the mean RTP for the cylinders on those days. There was no overall effect of objects, F(1, 6) ϭ 4.93, no overall effect of days, F(1, 6) ϭ 3.55, and no interaction between days and objects (F Ͻ 1). On Day 13, when all cylinders were changed to white, there was a significant increase in mean RTP per object relative to Day 12, t(5) ϭ 5.18.
A repeated measures ANOVA revealed a significant effect of days on the length of time taken to complete the first trial of each session during the initial habituation period, F(5, 35) ϭ 2.94. Figure 6 suggests that there may have been an anomalous increase in first trial length at the end of this period; however, a Tukey post hoc test revealed that Days 4 -6 were all lower than Day 1. There was no significant change in first trial length, either during the test day, t(7) ϭ 0.83, during the second habituation period (F Ͻ 1), or when the all cylinders were changed to white on Day 13, t(5) ϭ 0.19.
The rats' failure to reexplore the mirror image of the initial triangle suggests that they respond to changes in the relationships between objects in terms of distances and perhaps angles but do not encode the overall shape or sense of an array of objects. This lack of sensitivity to sense is different from that described by Cheng (1986) for enclosures, but it is consistent with findings by Cressant et al. (1997) for free-standing objects. Cressant et al. found that the place fields of nondisoriented rats were unaltered when the positions of objects in an arena were rotated around the center point. Like the study of Cressant et al. (1997) , the present experiments allow conclusions only about what the animals encode and respond to spontaneously. It might be suggested that reinforcing them for discriminating between two arrays with different leftϪright arrangement of objects would yield evidence of sense encoding. However, there is some evidence against this supposition. Gothard, Skaggs, Moore, and McNaughton (1996) found that rats were unable to learn a task requiring discrimination of a specific landmark on either the left or the right of a pair of landmarks in an open arena. In a similar manner, although rats can learn a water maze task based on sense (Benhamou & Poucet, 1998) , this is a very hard task compared with one based on landmark identity (Poucet et al., 2003) .
Experiment 5
Experiments 2-4 utilized identical objects, but each included evidence that the rats also encoded the identity of the objects. In Experiment 5, we added a unique identity to each of the cylinders, thereby allowing for representation of spatial relationships between individual cylinders. Rats were habituated to a triangular arrangement of nonidentical cylinders and then presented with its mirror image. Finally, each cylinder was moved one position clockwise around the triangle, changing the distances between individual pairs of cylinders.
Method
Subjects. The subjects were 8 male Long Evans rats like those in Experiment 1, aged 22 weeks at the beginning of the experiment.
Apparatus. The components of the array were a black cylinder, a white cylinder, and a black cylinder with 5 cm wide horizontal white tape stripes spaced 5 cm apart (striped cylinder).
Procedure. The cylinders were placed in the same positions within the arena used to form the triangle and its mirror image in Experiment 4, and the procedure for pretraining and Days 1-12 was the same. On Day 13, the shape and position of the triangle was maintained while moving each distinct cylinder one position clockwise around the triangle (see Figure 6 ). All rats had the same arrangements of the three individual cylinders; as in the previous experiments, the positions of the arrangement of cylinders relative to the rat's current home door were the same for every rat on every day.
Results and Discussion
At first, the rats were hesitant to enter the arena but then spent high levels of time investigating the cylinders (see Figure 6 ). Over sessions, exploratory behaviors declined. When presented with a mirror image of the habituated arrangement, the rats did not respond to the spatial change. When the spatial relationships between objects were changed by rotating the positions of the cylinders, there was no significant increase in exploration or length of first trial.
A repeated measures ANOVA revealed a near significant decline in the average amount of exploration during the first habituation phase F(5, 35) ϭ 2.22, p ϭ .08. There was no significant change in RTP on Day 7, t(7) ϭ 1.09, during the second habituation phase, F(5, 35) ϭ 1.37, or when the positions of the objects were rotated on Day 13, t(7) ϭ 1.30. A repeated measures ANOVA revealed a significant decrease in the length of time taken to complete the first trial of each session during the initial habituation period, F(5, 35) ϭ 4.91. There was no significant increase in first trial length, either during the first test day, t(7) ϭ .92, during the second habituation period, F(5, 35) ϭ 1.33, or when the cylinders were rotated into novel positions on Day 13, t(7) ϭ .60.
Despite the introduction of nonidentical cylinders, the rats showed no significant behavioral change when presented with the mirror image of the arrangement. There was also no significant behavioral change on the final day of the experiment when the rats experienced novel spatial relationships between individual objects while the shape of the array was maintained. This is consistent with the report of Benhamou and Poucet (1998) , who found that rats in a water maze still located the hidden platform after rotation of individual landmarks in a triangular array. Hamsters did respond with reexploration of the relocated objects when objects in two opposite corners of a square array changed places, in effect creating a reflection of the original arrangement (Poucet et al., 1986) . However, in that study, the locations of both objects could also have been encoded relative to a striped panel on the wall of the arena.
Experiment 6
The purpose of Experiment 6 was to further test the conclusion that rats do not respond with reexploration to changes in angle, distances, and leftϪright arrangements of distinct objects. As in Experiments 4 and 5, rats were habituated to a triangular array of objects, presented with a mirror image of the array, and then the objects were rotated in position, but to make specific interobject relationships more salient than in Experiment 5, the objects differed from each other in both shape and color. On the final day of the experiment, a novel object replaced one of the habituated objects.
Method
Apparatus. Four objects were used: a beech colored wooden mug tree (an apparatus from which to hang coffee mugs), a red ribbed conical bottle, a black metallic candleholder, and a multicolored picture frame. Each object was approximately the same size, diameter, and height above the bedding as the cylinders in the earlier experiments.
Procedure. The rats were pretrained and exposed to a triangular arrangement of the mug tree, the bottle, and the candleholder. The objects were arranged as described for the cylinders in Experiment 4. On Day 7, the objects were repositioned such that they formed a mirror image of the habituated triangle. On Day 13 of the experiment, the shape and position of the triangle was maintained while moving each object clockwise one position around the triangle. On Day 14, the picture frame replaced the previous right-hand object, the mug tree.
Results and Discussion
On the first day of the experiment, rats showed hesitancy to enter the arena and high levels of exploration once in the arena, which declined with experience (see Figure 7) . There was no change in behavior when the rats were presented with a mirror image of the objects or when the objects were rotated in position. However, when a novel object was introduced, the rats selectively reexplored the novel object.
A repeated measures ANOVA revealed a significant decline in the RTP during the first habituation phase, when the three nonidentical objects formed a triangle, F(5, 35) ϭ 4.34. During the second habituation phase, RTP remained unchanged (F Ͻ 1). When the objects were rotated on Day 13, the mean RTP per object did not change significantly, t(7) ϭ 0.46, but when the novel object was introduced on Day 14, its RTP was significantly higher than the mean RTP of the two familiar objects, t(7) ϭ 3.97.
A repeated measures ANOVA revealed a significant decrease in the length of time taken to complete the first trial of each session during the initial habituation period, F(5, 35) ϭ 7.21. There was no significant change in first trial length, either during the first test day, t(7) ϭ 1.74, during the second habituation period, F(5, 35) ϭ 1.38, when the cylinders were rotated into novel positions, t(7) ϭ 1.10, or when a novel object was introduced into the arena, t(7) ϭ 1.98.
Despite being presented with a mirror image and new spatial relationships between nonidentical objects, rats failed to display a significant behavioral response. When a novel object was introduced, there was a marked increase in exploration directed toward the novel object. Like the previous experiments in this series, Experiment 6 suggests that whereas rats encode the location of objects and the identity of objects, under the conditions of the present experiments, with no other landmarks available, the identity of an object is not attached to the location of an object. This conclusion is consistent with evidence that rats' responses to spatial and nonspatial changes in a habituation test are affected differently by hippocampal lesions (Save et al., 1992) . Save et al. (1992) found that control animals and rats with anterior lesions of the posterior parietal cortex responded to a spatial change, whereas rats with lesions of the posterior parietal cortex and rats with hippocampal lesions failed to respond to a spatial change, but all animals responded to the introduction of a novel object.
General Discussion
It is now well established that rats and a variety of other vertebrate species, including human beings, encode the shape of an enclosure in which they are placed (see Cheng & Newcombe, in press ). In working memory tasks, when subjects must relocate a hidden object seen only once, disoriented subjects are found to rely on geometric shape cues to the exclusion of more informative local features (e.g., Cheng, 1986; Hermer & Spelke, 1994) . Some research reviewed in the introduction to this article suggests that animals also encode the overall shapes of arrays of objects while exploring them, whereas other research has suggested that shapes of arrangements of free-standing objects are encoded differently from the shapes of arrangements of surfaces. The experiments reported here were designed to provide further information on what rats encode about arrays of objects that they encounter in an open field.
Rats' responses to spatial changes in arrays of objects were studied under conditions more similar to those of studies of geometric encoding than have been used in the past (e.g., by ThinusBlanc et al., 1987) . We provided no visual landmarks on the walls of the arena and disoriented the rats before each session so that they were exposed to one or more objects with minimal spatial cues other than the relationships of objects to one another. Experiment 1 showed that, under these conditions, rats did not respond with reexploration when a single cylinder was relocated either relative to absolute space or relative to the geometry of the arena alone. However, they did respond to a change in the cylinder's color, showing that they were attending to the cylinder while foraging. The results of Experiment 1 indicate that any responses to change in positions of cylinders seen in Experiments 2-6 can be attributed to changes in their positions relative to the other cylinders present.
The results of Experiment 2 confirm that one finding previously reported in studies of spatial learning through exploration (Poucet, 1989; Poucet et al., 1986; Thinus-Blanc et al., 1987) was also observed in our situation: Rats reexplored one cylinder in a small square array of identical cylinders when it was moved out from the square. In Experiment 3, however, they did not reexplore a square array of four cylinders when it was expanded, but they did show that they noticed the change in distance between cylinders by hesitating to enter the arena the first time they saw the expanded array. In both Experiments 2 and 3, therefore, they responded to changes in the distances between objects. In contrast, in Experiments 4 -6, rats did not respond with reexploration when a triangular array of objects was transformed into its mirror image, even when the objects making up the array differed markedly from one another. Thus, unlike the case with enclosures, the rats did not exhibit sensitivity to the sense of the shape, but they were sensitive to changes in interobject distance when shape was maintained (Experiment 3) as well as when it was not (Experiment 2).
These findings are consistent with suggestions from other studies of spatial learning, reviewed in the introduction to this article, that free-standing objects within an enclosure are encoded differently from features of the walls of the enclosure. Why might encoding of shape be different for arrays than for enclosures? One plausible suggestion (Cressant et al., 1997) is that encoding the overall shape of a group of objects is too difficult when they are arranged so the animal moves around among them. In such a situation, objects on the left at one moment are on the right or in front or out of sight at another moment. The more objects present, the more viewpoint-dependent relationships among them would need to be encoded. Unlike sense, a feature of object arrays that does remain constant no matter how the animal approaches it is the distance between neighboring objects. Therefore, changes in interobject distances should be especially salient, consistent with the results of our Experiments 2 and 3. The results of Experiments 5 and 6, with the triangular array of unique objects, indicate that interobject distances may not be attached to specific pairs of objects. In those experiments, rats did not respond with reexploration when individual objects changed their relative positions within a triangular array. At the same time, however, rats responded very strongly whenever the color or shape of one or more objects was changed (Experiments 1, 4, and 6), which is consistent with evidence from lesion studies (Save et al., 1992 ) that location and identity are encoded in separate parts of the brain.
The foregoing discussion assumes that dishabituation of exploration, measured as an increase in time spent close to an object, is a measure of the animal's previous encoding of whatever characteristic of the object (color, shape, location) has just been changed. Previous literature demonstrating spatial learning through exploration (review in Thinus-Blanc et al., 1998) justifies this assumption. However, the results of Experiment 3 demonstrate that rats may respond dramatically to spatial changes without actually reexploring the objects that have been relocated. Clearly, the rats detected that the cylinders had been moved apart without going up to them. More generally, we need to consider the possibility that time near objects is not necessarily a good measure of spatial encoding. Contact with objects may be necessary for verifying their individual characteristics, but their relative positions can be learned by viewing them from a distance. This suggestion, for which we thank Ken Cheng (personal communication, April 2004) , is consistent with the finding that rats in the present experiments responded with reexploration when the color and/or shape of objects was changed, whereas they responded mainly with increased time to enter the arena (i.e., presumably spending longer inspecting the array from a distance) to large changes in interobject distances.
The results of Experiment 2 are problematic for the foregoing account. In that study, changes in interobject distances caused the rats to reexplore the single object that had been moved away from the other three rather than to spend longer in the doorway before coming out into the arena. Moreover, selective exploration of the relocated object implies that the rats were taking into account the relationships among all the objects in the array and distinguishing the cluster of three unmoved cylinders from the fourth one. More generally, as pointed out in the discussion of Experiment 3, it is unclear from our research and from that of others (e.g., ThinusBlanc et al., 1987) why some changes in position of a single object in an array elicit selective exploration of that object and others elicit a response to all the objects. One might suppose that response to all the objects would be associated with a change in shape of the whole array, whereas a response to a single object would indicate detection of a change in its position alone, perhaps, as discussed below, a failure to recognize it as the same object. However, as we have just pointed out, to detect that one object has moved in our paradigm, with no extra-array spatial cues available, the animal must in a sense take the whole array into account. Clearly, changes in any of at least three kinds of behavior-exploration of a single object, exploration of multiple objects, and viewing objects from a distance-can be taken as evidence for detection of spatial or other change. Entirely new objects generally elicit fear and then exploration, as was evident in most of the present experiments when rats encountered objects in the arena for the first time. Better understanding of the causes of the varied responses to spatial changes requires further investigation.
One possible hypothesis is suggested by the observations of reexploration of relocated objects in previous studies like those of Thinus-Blanc et al. (1987) . In those studies, unlike the present ones, individual objects within the array could be located in an arena relative to one or more landmarks on or outside the walls and perhaps also through dead reckoning with respect to the constant starting place and/or the world outside the arena. In addition, in most such studies, the objects in an array differed from one another. When landmarks are moved from their usual positions, animals behave as if they are no longer the same landmarks (Cheng, 1995; Teroni, Portenier, & Etienne, 1987) . Thus the reexploration observed when an identifiable object is moved relative to landmarks and dead reckoning could be behavior directed toward determining whether it is still indeed the same object. If animals have prolonged exposure to an arrangement of particular objects in particular places, they might eventually associate objects with their locations. As pointed out in the discussion of Experiment 3, typical studies by Thinus-Blanc, Poucet, and colleagues (e.g., Poucet, 1989; Thinus-Blanc et al., 1987) included up to 30 min of initial exposure to the objects, more than in the present experiments.
A potential limitation of the present studies is that we measured rats' spontaneous encoding of locations of objects that were irrelevant to their ongoing foraging behavior. Their responses show that they were nevertheless attending to some of the objects' features. However, in studies of the encoding of the shapes of enclosures, subjects typically learn the location of a goal in a geometrically defined location, usually a particularly shaped corner (see Cheng & Newcombe, in press ). If rats were trained with food located in a particular place within an array of identical objects, it is possible that they would show evidence of encoding the angular relationship among triads of objects or the overall shape of the array. The findings of Benhamou and Poucet (1998) , mentioned earlier, as well as those of Greene and Cook (1997) indicate that rats can learn the location of a goal relative to the shape of an array of free-standing objects.
Finally, one might speculate on why a "geometric module" (Cheng, 1986; Cheng & Newcombe, in press) would be confined to processing the shapes of enclosing surfaces and why this processing is primary in spatial encoding. One possible reason is that the behavior seen in what are generally relatively small experimental enclosures reflects a spatial encoding mechanism evolved for encoding position relative to the distant panorama, such as lines of trees or bushes. In natural environments, such stable features, which change relatively little as the animal moves, provide an orienting framework into which landmark information can be placed (Poucet et al., 2003; Wang & Spelke, 2000) . From this functional point of view, it might not be expected that nearby objects, which the animal can approach from all sides, would be encoded in the same way as surfaces.
